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1) Midwest soybean rhizobotanical survey. 
Plant root systems have a characteris tic morphology that is modified 
by the edaphic conditions in which they grow . Soil texture, moisture, 
temperature, and depth of penetrable soil all modify root morphology. Gene-
tic char acteristics of the plant control the basic root morphological char-
acteristics. In addition , cultural practices - tillage, row spacing, fer-
tilization, pesticide/herbicide applications - also have an effect on root 
morphological development . 
It is unclear what the relative importance of these differing components 
of the biology of a plant have on the development of a plant root system. In 
an attempt to get a handle on this problem, six cultivars with known root 
characteristics were grown in 7 states during the 1981 growing season. Nine 
different rooting characteristics, including four nodulation characteris tics 
and three shoot characteristi cs, were scored. The 12 tables below show the 
mean value of each character in each cultivar at each midwest location plus 
California (a total of six locations). 
Experimental plots were of randomized complete block design with four 
replicates (three in Indiana). Samples consisted of three plants per repli-
cate per cultivar ; therefore, at a location, cultivar means were derived from 
a total of twelve plants. Sampling consisted of the plant root system exca-
vated by a single spade full of soil . The sampling period for the Midwest 
sites was from the last week in July to the first week in August. Locations 
were sampled in the numerical order presented. The California plot was 
sampled on August 12. There was no attempt to standardize agronomic prac-
tices. This may represent the basis for much of the site-by-site variability. 
Table 13 presents the levels of significance for analyses of variance 
carried out on the data for the previous 12 tables. The environment has a 
significant effect on every character, while there are no significant culti-
var differences for number of nodules on the tap root, or number of collater-
al roots. The environment-genotype interaction is significant at the 1.0% 
level for numbers of medium and large nodules, nodule diameter , and basal 
root diameter; and highly significant (0.01%) for the three shoot character-
istics: hypocotyl diameter, plant height, and developmental stage. 
This preliminary study indicates that all root characteristics are en-
vironmentally sensitive; witness the significant response of each character 
to the six differential environments . However, some of the characters are 
conditioned by genes whose alleles (represented by different cultivars) do 
not appear to be differentially sensitive to the environment . This is best 
demonstrated by the lack of an interaction between cultivars and environment 
for tap root diameter at the 6- centimeter level even though there is signif-
icant genotypic and environmental variance. Those characteristics that 
strongly interact with the environment, e.g., developmental stage, may not 
be fully predictable across environments. A single-year experiment cannot 
reliably point to specific factors and causes, but it can be used for an 
initial analysis of the interdependence of the two sources of variability: 
geno t ype vs. environment . Further studies along these lines should develop 
some very interesting results. 
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The following t abl es use this identification code : FIELD : 1 = Wooster , 
OH ; 2 = West Lafayette, IN; 3 = Urbana, IL; 4 ~ Ames, IA ; 5 = Lincoln , NB; 
6 - Davis, CA. Plots were usually at research stations which , in several 
cases , were a considerable distance away from the indicated cities . CULTIVAR: 
1 = Chippewa 64; 2 =Rampage ; 3 = Harosoy 63; 4 = Cor soy 71; 5 =Wells ; 6 = 
SRF 150P. 
Table 1. Number of nodules on the tap root 
Field 
Cul t i var 1 2 3 4 5 6 M 
1 0 . 58 10.44 21 . 58 21 . 08 3 . 75 11. 75 11 . 58 
2 o. 92 6 . 78 17.92 19 . 42 5 . 58 15 . 00 11.12 
3 1.17 7 . 62 16.42 21.33 7.50 13.08 11 . 35 
4 0.67 9 . 56 14.92 23 . 17 8 . 67 15 . 42 12 . 17 
5 1.08 13 . 67 23.50 20 . 25 7 . 67 13 . 21 
6 0.75 8.67 20 . 00 16. 25 7 .08 10.00 10.54 
M 0.86 9 . 46 19 .06 20 . 25 6 . 71 13.05 11. 61 
Tabl e 2 . Number of large and medium size nodules on the r est of the root 
system 
Fiel d 
Cult ivar 1 2 3 4 5 6 M 
1 1. 42 15.67 9.83 36.00 2. 83 16.67 13.65 
2 3. 17 16 . 00 24 . 58 60. 58 2 . 25 18 . 33 21.03 
3 6 . 25 10. 67 27 .42 62 . 75 6 . 25 16 . 17 22 . 06 
4 4 . 92 19. 22 35 . 67 71.42 10.42 23 . 58 27 . 90 
5 3 . 33 11. 56 26 .58 42 . 08 11. 75 19 . 46 
6 3.50 14 . 33 46 .92 54 . 83 11. 67 22 . 58 26 .13 
M 3 .76 14 . 57 28 . 50 54 . 61 7 . 53 19.47 21. 77 
Table 3 . Number of small nodules on the rest of the root system 
Field 
Cultivar 1 2 3 4 5 6 M 
1 0.08 5 . 33 5. 75 4 . 42 3 . 67 2 . 75 3 . 59 
2 0 . 00 4 . 89 20 . 67 6 .17 5.92 5 . 08 7. 22 
3 0.08 4 . 22 15.83 6.42 21.25 10 . 08 9 . 88 
4 0.00 4 . 89 19 . 82 10.25 11. 25 15 . 50 10 . 54 
5 0.17 5.44 7.1 7 5 .00 16.75 6 . 89 
6 0.17 3 . 33 16.08 8 . 67 18.00 12. 92 10 . 14 
M 0 . 08 4.68 14 . 24 6. 82 12.80 9 . 27 8 . 09 
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Table 4 . Number of basal roots 
Field 
Cultivar 1 2 3 4 5 6 M 
1 5 . 13 4 . 22 2.25 4 . 42 4 . 08 5 . 00 4 . 22 
2 5 . n7 2.89 3.41 4.75 3. 25 5. 08 4.23 
3 6 . 42 3. 00 3.25 7.83 3.67 5.08 4 . 96 
4 6.00 4 . 22 4.50 5 . 08 1.83 4 . 25 4 . 32 
5 7.83 5.78 4 . 75 7. 83 5. 08 6 . 28 
6 6.08 4 . 44 6 . 08 4 . 83 4.42 4 . 17 5 . 03 
M 6 . 22 4 . 09 4 . 04 5.79 3.72 4 . 72 4 . 80 
Table 5. Number of lateral roots 
Field 
Cul ti var 1 2 3 4 5 6 M 
1 6.83 7 .11 6.17 12.92 12 . 67 10.00 9 . 38 
2 6.25 8.11 7 . 17 11.33 15 . 33 9 . 42 9. 67 
3 10.42 7.00 10.00 16 . 67 17 . 75 10 . 58 12 . 29 
4 10 . 67 9.11 11. 33 17.17 16.67 9. 75 12 . 59 
5 12 .00 11. 00 10. 58 13 . 58 11 . 91 11 . 86 
6 7 . 83 7.33 8 . 25 13 . 75 12 . 75 10. 08 10 . 12 
M 9 . 00 8 . 28 8 . 92 14 . 24 14 . 51 9 . 97 10 . 96 
Table 6 . Number of collateral roots 
Field 
Cultivar 1 2 3 4 5 6 M 
1 25 . 00 28.56 29.08 27.08 21.67 28.83 2n . 62 
2 27 . 08 27 .11 30.33 25.75 21.17 31.25 27 . 12 
3 24 . 25 27.44 35 . 25 33 . 33 19 . 58 41 . 42 30 . 33 
4 20.50 29 . 33 35 . 08 25.08 23.00 36 . 83 28.26 
5 17 . 50 31.33 28.25 32.17 20 . 00 25 . 56 
6 24.00 26.67 25 . 92 28.67 20.75 36 . 00 27 .01 
M 23 . 06 28 . 41 30.65 28.68 21.03 34 . 87 27.54 
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Table 7. Nodule diameter (mm) 
Field 
Cultivar 1 2 3 4 5 6 M 
1 2.75 3 .01 3 . 38 3.66 1.29 4 . 25 3 . 06 
2 2 . 72 2.71 3.42 3 . 49 1.59 4 . 08 3 . 02 
3 4 . 76 2.63 3 .15 3.19 1.43 3. 99 3 . 22 
4 3.68 2.86 3.32 3.32 1.80 4 .12 3 . 20 
5 4.53 3.58 3 .67 3.84 1.89 3 . 50 
6 2.95 2.80 3.05 3 .46 1.42 4 .1 6 2.98 
M 3.57 2. 93 3.33 3.49 1.57 4 .12 3.15 
Table 8 . Basal root diameter a t the base 
Field 
Cultivar 1 2 3 4 5 6 M 
1 2 . 07 2.23 1.48 1. 73 3.10 2 . 94 2 . 26 
2 2.68 1. 78 2.74 2 .04 2.70 2 . 92 2 . 51 
3 2.09 2.12 1. 98 1. 26 2.93 2 . 4 7 2 . 14 
4 1. 80 1.85 1.87 1.04 1.39 2.83 1. 79 
5 3 .18 3 .1 3 3 .62 2 . 38 3.31 3 .12 
6 2.26 2 . 27 3 . 06 1. 41 2 . 39 2 . 36 2 .29 
M 2.34 2.23 2 .46 1.64 2. 64 2. 70 2.33 
Table 9. Tap root diameter six centimeters below its base 
Field 
Cul ti var 1 2 3 4 5 6 M 
1 2. 18 2.67 2.87 1. 73 1. 76 2 . 57 2.28 
2 2.42 2 . 24 2 . 60 1. 79 1. 96 2.40 2. 24 
3 1. 76 1.88 2 .09 1.52 1.82 2 . 57 1. 94 
4 1.80 1. 67 2. 09 1.37 1.58 2 . 21 1. 79 
5 2.63 3 . 03 2.88 2.56 2.17 2.64 
6 1.88 2.09 2.75 1.48 1. 93 2.63 2 . 13 
M 2 . 11 2.26 2 . 55 1. 74 1.87 2 . 48 2.15 
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Tabl e 10. Hypocotyl diameter at the cotyledons 
Fiel d 
Cultivar 1 2 3 4 5 6 M 
1 .5 . 83 5.78 5 . 60 6 . 50 7. 92 8 . 25 6 . 85 
2 6.12 5.94 6.96 6.42 6 . 50 7 . 67 6 . 63 
3 5.84 5 . 33 5 . 36 6.33 6 . 96 6 . 52 6 . 09 
4 5.87 5.66 6.12 6 . 33 5 . 92 7.21 6 . 21 
5 8 . 50 7.78 8 . 62 7. 83 9.14 8 . 41 
6 5 . 97 5 . 33 9. 17 6 . 25 6 . 33 7. 62 6.84 
M 6 . 35 5 . 97 6 . 97 6 .11 7. 13 7. 45 6 . 76 
Tabl e 11. Plant height (cm) 
Field 
Cul t ivar 1 2 3 4 5 6 M 
1 63 . 58 62 . 06 88.35 100.67 84 . 17 85 . 29 81.50 
2 56.80 52 . 72 73 . 96 94 . 81 73 . 58 85.83 73 . 83 
3 73 . 13 70 . 80 92 . 39 118 . 08 97 . 33 104 . 83 93 . 72 
4 70 . 88 68 . 38 90 . 21 122 . 50 98 . 46 103 . 42 93 . 35 
5 50 . 22 50 . 13 85 . 44 97.85 80.2 1 73. 96 
6 51. 40 55 . 67 95. 14 109 . 71 90 . 29 91.42 83 . 43 
M 61.00 59.96 87 . 58 107.27 87 . 34 94 . 16 83 . 58 
Table 12 . Developmental s t age 
Field 
Cultivar 1 2 3 4 5 6 M 
1 3. 00 2. 33 2. 75 3.67 3 . 50 2 . 00 2 . 90 
2 2.92 2.00 2. 50 3 . 33 2 . 58 2 . 00 2 . 58 
3 2 . 67 2 . 00 1. 83 3. 08 2.83 2 . 00 2.42 
4 2.33 2 . 00 2.25 2. 83 3 . 08 2 . 00 2 . 43 
5 2 . 00 1. 56 2.42 2. 83 2 . 50 2 . 30 
6 2.42 2.00 3.25 3.08 2 . 50 2 . 00 2 . 56 
M 2 . 55 1. 98 2 . 50 3. 14 2 . 83 2 . 00 2 . 54 
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Table 13. Probability that a sample with a higher variance would be found 
through random sampling (from a two-way analysis of variance) 
Character 
Nodule no. 
on the tap r oot 
Large/medium 
Small 
Root no. 
Basal 
Lateral 
Collateral 
Diameters 
Nodule 
Basal 
Tap - 6 cm 
Hypocotyl 
Plant height 
Developmental stage 
Cull ivar 
variance 
NS 
0.01% 
1.0% 
0.1% 
0.04% 
NS 
0.1% 
0.01 % 
0.01% 
0.01% 
0.01% 
0.01% 
Loc:1 L Lo n 
variance 
0.01% 
0.01% 
0.01% 
0.01 % 
0.01% 
0.01% 
0.01% 
0.01% 
0.01% 
0 . 01% 
0.01% 
0.01 % 
In Lc r .-1<: LI on 
(C x L) 
NS 
1.0% 
NS 
NS 
NS 
NS 
1.0% 
1.0% 
NS 
0.01% 
0.01% 
0 . 01% 
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